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Diagnosing Autism Spectrum Disorder (ASD) remains challenging, as it often relies on subjective evaluations

and traditional methods using fMRI data. This paper proposes an innovative multi-modal framework that
leverages spatiotemporal graph transformers to assess ASD severity using skeletal and optical flow data from
the MMASD dataset. Our approach captures movement synchronization between children with ASD and ther-
apists during play therapy interventions. The framework integrates a spatial encoder, a temporal transformer,
and an I3D network for comprehensive motion analysis. Through this multi-modal approach, we aim to de-
liver reliable ASD severity scores, enhancing diagnostic accuracy and offering a scalable, robust alternative to

traditional techniques.

1 INTRODUCTION

Autism Spectrum Disorder (ASD) is a neurodevelop-
mental condition that affects brain development, in-
fluencing how individuals perceive and engage with
others, leading to challenges in social interaction and
communication. It also involves repetitive and re-
stricted patterns of behavior. The term ”spectrum” re-
flects the broad variety of symptom types and severity
levels associated with ASD. The exact causes of ASD
remain unclear, but research by (Lyall et al., 2017)
indicates that both genetic and environmental factors
are likely to contribute significantly. Traditional diag-
nostic techniques for ASD rely heavily on subjective
behavioral evaluations (such as ADOS '), which can
result in misidentification when distinguishing indi-
viduals with ASD from typically developing individ-
uals (TC). Misdiagnoses are often linked to insuffi-
cient training and experience among medical profes-
sionals. These diagnostic challenges complicate pedi-
atric screening efforts, as no straightforward diagnos-
tic method is available. Accurate severity diagnoses
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'The Autism Diagnostic Observation ~Schedule
(ADOS), developed by (Lord et al., 2000), is a partially
structured diagnostic tool. It is employed to evaluate and
determine the severity of autism spectrum disorder (ASD)
through a standardized scoring system.
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of ASD often require continuous follow-up with pa-
tients to ensure dependable results.

Over the past two decades, structural MRI (sMRI)
(Nickl-Jockschat et al., 2012) and resting-state func-
tional MRI (rs-fMRI) (Santana et al., 2022) have
been extensively utilized by researchers to develop
machine learning models aimed solely at diagnosing
autism rather than assessing its severity. Moreover,
several challenges are associated with acquiring dif-
ferent types of MRI scans. First, MRI scanning is
highly expensive, making large-scale data collection
difficult. Second, individuals with autism spectrum
disorder (ASD) often experience heightened anxiety,
leading to discomfort while inside the MRI scanner.
As a result, patients tend to move their heads during
the scan, introducing noise into the data. Despite ex-
tensive pre-processing efforts, this noise remains dif-
ficult to eliminate, which affects the model’s perfor-
mance.

To resolve these challenges, one effective way
is to use movement synchronization to assess ASD
severity using intervention videos. Movement syn-
chronization refers to the harmony of body gestures
among interacting individuals, typically a therapist
and an individual with ASD. Movement synchroniza-
tion in psychological treatment could indicate a strong
relationship between the individual and a psycholo-
gist (Nagaoka and Komori, 2008). Our technique ex-
amines movement synchronization between kids with
ASD and therapeutic professionals during interac-
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tive therapy sessions. Based on the movement syn-
chronization between the therapist and the child with
ASD, an ASD severity score is assigned by our pro-
posed framework.

Furthermore, an effective approach would involve
using modalities such as skeletal data and optical
flow, rather than directly processing the raw inter-
vention videos. These modalities are preferred over
raw RGB videos, as they provide more comprehen-
sive information about body movements irrespective
of the changes in the background and require less pro-
cessing time. Optical flow refers to the perceived
motion of individual pixels across two consecutive
frames within an image plane. Extracted from raw
video data, optical flow offers a compact represen-
tation of both the motion region and its velocity,
enabling motion analysis without revealing personal
identity . Skeleton data refers to a simplified repre-
sentation of a human figure, capturing only key points
(such as joints) of the body rather than full images or
detailed appearances. These key points—such as the
head, shoulder blades, elbows, wrists, hips, and knees
are connected by lines that form a skeletal structure,
representing the human body in a minimalistic way.

Hence, in our approach, we utilize the skele-
ton data, along with optical flow information, from
the MMASD dataset (Li et al., 2023). This multi-
modal dataset is derived from interactive therapeu-
tic interventions for children having autism. A total
of 1,315 video clips were collected from 32 children
with autism. Each sample includes three modalities
taken from the raw videos: optical flow, 2D skeleton,
and 3D skeleton. Also, the clinician evaluated the
individuals with ASD and provided ADOS-2 scores
for each child. Our proposed architecture is struc-
tured as an ensemble network comprising two pri-
mary branches to process these different modalities as
demonstrated in Figure (1b). The first branch (shown
in the dotted blue rectangle) consists of a spatial en-
coder and a temporal transformer to process skeletal
data, while the second branch (dotted orange rectan-
gle) utilizes a 3D convolutional network to incorpo-
rate optical flow information. Finally, a multilayer
perceptron (MLP) serves as the classifier head, pro-
viding an autism severity score based on the child’s
performance when compared to the therapist during
the intervention activity.

In summary, our approach will focus on utiliz-
ing modalities such as optical flow and skeletal data,
in contrast to SMRI and fMRI. Collecting SMRI and
fMRI data from patients with ASD is challenging,
as discussed earlier in this section. Our study uses
an ensemble framework, a spatial transformer to en-
capsulate the local relationships between the body

connections, while a temporal transformer encodes
global interconnections across multiple frames. Also,
we utilized the Temporal Similarity Matrix (TSM),
which represents sequential data in a graph format.
TSMs excel in the analysis of human movement be-
cause they are resilient to perspective alterations and
have strong generalization skills (Sun et al., 2015).
In our study, similarity is computed between two
skeletal sequences, comparing the interacting child
and the therapist. The proposed method is designed
to be identity-agnostic while retaining essential body
movement features necessary for motion analysis and
understanding.

The structure of this paper is organized as follows:
a brief review of related work in this field is provided
in the next section. Section (III) discusses the dataset
used in the study, and Section (IV) outlines the pro-
posed architecture. Section (V) presents the discus-
sion and future work, and Section (VI) presents the
conclusions drawn from the proposed approach.

2 RELATED WORK

Currently, three reliable and standardized instruments
are commonly employed for autism diagnosis: the
Autism Diagnostic Observation Schedule (ADOS)
(Lord et al., 2000), the Autism Diagnostic Interview-
Revised (ADI-R) (Le Couteur et al., 1989), and the
Diagnostic and Statistical Manual of Mental Dis-
orders, Fifth Edition (DSM-5) (American Psychi-
atric Association et al., 2013). While effective, these
tools require considerable time for administration and
score interpretation, causing delays in early interven-
tion.

As a potential solution, machine learning tech-
niques have been applied to develop classification
models using rs-fMRI data. For example, a support
vector classifier (SVC) was employed by (Abraham
etal., 2017), achieving an accuracy of 67%. Similarly,
(Monté-Rubio et al., 2018) utilized an SVC on the rs-
fMRI dataset, attaining an accuracy of 62%. Over the
past decade, advanced techniques such as deep neu-
ral networks (DNNs), long-short-term memory net-
works (LSTMs), and spatial-temporal graph trans-
formers have gained traction in diagnosing ASD us-
ing rs-fMRI data. For example, (Sherkatghanad et al.,
2020) developed a CNN-based classifier, achieving an
accuracy of 70.22%. Furthermore, (Deng et al., 2022)
proposed a linear spatial-temporal attention model to
extract spatial and temporal representations to differ-
entiate ASD subjects from typical controls using rs-
fMRI data. However, these methods faced challenges
in effectively extracting critical features from com-
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plex fMRI images, which limited their performance.
Additionally, as discussed earlier, there are inherent
difficulties associated with acquiring MRI scans.

Researchers have recently used movement syn-
chrony methods to develop models for diagnosing
Autism Spectrum Disorder. These methods are cate-
gorized into statistical approaches, which rely on low-
level pixel features, and deep learning approaches,
which extract high-level semantic information from
video frames. Statistical methods (Altmann et al.,
2021);(Tarr et al., 2018) have lately been widely used
to facilitate the assessment of movement synchro-
nization. It translates the raw video recordings of
intervention into pixel-level presentations that cap-
ture temporal dynamics. The ultimate synchroniza-
tion score is then calculated based on the correla-
tion between the pixel sequences of different par-
ticipants. However, these statistical methods are
highly susceptible to noise, as they treat all pixels
equally, which can lead to inaccuracies, especially
in recordings from non-stationary cameras with dy-
namic backgrounds. Motion energy-based methods,
among the most widely used statistical techniques
(Altmann et al., 2021); (Tarr et al., 2018), require a
predefined and fixed region of interest (ROI) and are
limited in effectiveness if participants move outside
this ROI. Moreover, these methods overlook the topo-
logical relationships among different human body
parts. These limitations have led to poor performance
and a lack of scalability for statistical methods when
applied in specific contexts.

In contrast, deep learning methods have recently
gained prominence for addressing the limitations
of statistical approaches, showing enhanced perfor-
mance in tasks related to human activity recognition
(Dwibedi et al., 2020); (Zheng et al., 2021). Deep
learning methods can leverage semantic information
more effectively than statistical techniques, largely
due to their capabilities of extracting characteristic
features. (Calabro et al., 2021) used a convolutional
autoencoder to reconstruct inter-beat interval (IBI)
segments from electrocardiogram (ECG) data. Their
study focused on interactions between children with
ASD and their counselors. A multi-task framework
was introduced by (Li et al., 2021) to combine mo-
tion synchronization estimation with secondary tasks,
such as interventional activity detection and action
quality assessment (AQA). Nevertheless, both stud-
ies (Calabro et al., 2021); (Li et al., 2021) required
access to the raw video footage, limiting their ability
to protect privacy.

However, our approach utilizes the MMASD
dataset (Li et al., 2023), a privacy-focused dataset
that derives skeletal (2D and 3D) and optical flow
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data from intervention videos. For processing these
modalities, an ensemble network is proposed, em-
ploying the ST-GCN (Yan et al., 2018) to extract
spatial and temporal features from the skeleton data
of interacting individuals in the sequence of frames.
Furthermore, it derives the features that represent
the topological associations between the body joints,
which helps the model to understand the body pos-
ture better. Additionally, an I3D (Carreira and Zis-
serman, 2017) model is used to analyze the opti-
cal flow information. The optical flow data in tem-
poral and spatial dimensions enables the model to
capture motion patterns of the interacting individu-
als in the frames over time. This additional infor-
mation improves the model’s ability to understand
therapist and kid motions across frames appropriately.
The proposed framework’s ability to generalize is en-
hanced through the combination of multiple modali-
ties. Scalability can be achieved by incorporating ad-
ditional branches to process new modalities in the fu-
ture. More details about the proposed approach are
provided in section (4).

3 DATASET

The MMASD (Li et al., 2023) dataset includes a co-
hort of 32 children diagnosed with ASD, comprising
27 males and 5 females. Before participation, the
Social Communication Questionnaire (SCQ) (Srini-
vasan et al., 2016) was utilized for initial screening,
with final eligibility established through the ADOS
scores and clinical evaluation. All recruited chil-
dren were between the ages of 5 and 12 years. All
videos were filmed in a domestic setting, where the
video recorder focused on the area where each child
participant engaged in their activities. This dataset
comprises 1,315 video clips sourced from interven-
tion recordings. There were three distinct themes:
(1) Robot: children observed and imitated the move-
ments demonstrated by a robot; (2) Rhythm: chil-
dren and therapists engaged in therapeutic activities
involving singing or playing musical instruments to-
gether; and (3) Yoga: children followed yoga exer-
cises led by therapists, which included activities such
as stretching, twisting, balancing, and similar move-
ments. Based on the specific intervention activity, the
data has been organized into eleven activity classes
under these three primary themes, as outlined in the
Table (1).

Three Key features were extracted from the origi-
nal footage to retain essential movement details.

1. Optical flow: Optical flow refers to the perceived
movement of objects within a scene, created by
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Table 1: An overview of the 11 activity classes in the MMASD dataset (Li et al., 2023).

Theme Activity Count Activity Description
Class
Arm swing 105 The participant htts‘ thellr-left and rlght arms sequentially
while maintaining a standing stance.
Robotic Bod . 119 The body swings from left to right, with both hands outstretched, one
ody swing hand behind the other.
Chest expansion 114 The participant slowly expanded and contracted the chest.
Squat 101 The participant assumes a crouching position with their knees flexed
qu and maintains this posture in a repetitive manner.
Drumming 168 The snare or Tubano drum is played by the participant using one or both hands.
. Maracas forward The participant actively shakes maracas, a percussion instrument frequently
Music . 103 . . . .
shaking used in Caribbean and Latin music.
Maracas shaking 130 The participant moves the maracas side to side in front of their chest.
. Seated on the ground, the participant engages in singing and clapping simultaneously,
Sing and clap 113 - S . ; .
an activity often performed at the beginning or conclusion of an intervention.
The participant places their feet such that their big toes meet and
Frog pose 113 . .
opens their knees as far as possible.
Yoga — - - e —— .
Tr S 129 The participant assumes a tree pose, balancing on one leg while positioning the sole of
ce pose the other foot against the inner thigh, calf, or ankle of the standing leg.
Twist pose 120 Seated with legs crossed, the participant rotates their torso
p to one side while maintaining stability in the lower body.

the relative motion between the observer and
the environment. They used the Lucas-Kanade
method (Lucas and Kanade, 1981) to obtain op-
tical flow information, a widely used technique in
computer vision for estimating object movement
between frames. This method assumes minimal,
consistent displacement in image content within a
neighborhood around a given point.

. 2D skeleton: Skeletal data has significant bene-
fits over raw RGB data since it simply contains
the locations of human body joints on a 2D plane,
and provides context-agnostic information. This
data enables models to focus on robust features of
bodily movements.

In the MMASD dataset, 2D skeletons were ex-
tracted from recorded videos using OpenPose
(Cao et al., 2017). This library detects key hu-
man structural points, including joints and body
components, in real-time from images or video
frames for multiple users simultaneously. Confi-
dence scores for each body component were gen-
erated, followed by association with individual
persons using Part Affinity Fields.

. 3D skeleton: 3D skeletons represent each key
joint in three-dimensional coordinates, adding a
depth dimension. For extracting 3D skeleton data,
the Regression of Multiple 3D People (ROMP)
method, introduced by (Sun et al., 2021), was ap-
plied, providing depth and pose estimation from
single 2D images. The approach estimates various
differentiable maps from the picture, including a
heatmap for the body center and a map for the
mesh parameters. These maps are used to produce
3D body mesh parameter vectors for each person
via parameter sampling. These vectors are pro-

cessed through the Skinned Multi-Person Linear
Model (SMPL) model to generate multi-person
3D models.

Demographic information and autism assessment
results for all the children were also reported, encom-
passing details such as motor functioning scores, date
of birth, and autism spectrum disorder severity levels
using the ADOS-2 scores. Even though, the MMASD
dataset contains various modalities, including 2D and
3D skeletal data as well as optical flow information,
the relatively limited number of data samples may re-
strict the model’s adaptability in different real-world
scenarios.

4 PROPOSED ARCHITECTURE

Figure (1b) illustrates the structure of the suggested
framework. It comprises four main elements. First
is the Spatial Encoder, which includes the ST-GCN
and a spatial transformer to derive spatial information
between the interacting individual with ASD and the
therapist from each frame refer to Figure (1a). Sec-
ond, is the Temporal Transformer designed to extract
temporal features for the entire sequence. Third is the
13D model, a flow-stream Inflated 3D ConvNet (I3D)
was employed to process the optical flow data, and
finally, a multi-layer perception (MLP) is the clas-
sification head responsible for predicting the autism
severity score (Hus et al., 2014). This section pro-
vides a brief overview of these main components and
a detailed explanation of the proposed methodology.
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Figure 1: Illustration of the basic building blocks of the proposed model for autism spectrum disorder (ASD) prediction.

4.1 Spatial Encoder

The spatial encoder as shown in the Figure (la),
is composed of two primary components: Spatio-
Temporal Graph Convolutional Networks (ST-GCN)
and a spatial transformer. Specifically, two separate
ST-GCNs are employed—one dedicated to process-
ing the child’s skeletal data and the other for handling
the therapist’s data. The skeleton data was generated
by a pose detector, where every joint J; is represented
as a 3-D vector (x;,y;,c;). Here, x; and y; € R?, as
they denote the coordinates of joint J;, and ¢;, € [0,
1], represents the joint confidence values estimated by
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the pose detector. For each joint J;, a hidden embed-
ding is produced through the ST — GCN; where k €
to [child, therapist], which then serves as the input to
the spatial transformer.

4.1.1 ST-GCN

ST-GCN models the spatial and temporal structure
of skeleton data by using a graph convolutional net-
work designed for skeleton-based data analysis. Each
skeleton joint is represented as a node, while con-
nections between adjacent joints are represented as
edges. Given a set of vertices V, where each vertex
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v; € V represents a specific joint, and edges based
on natural human joint connections, ST-GCN applies
graph convolutions to capture the spatial dependen-
cies between these joints. Mathematically, the feature
map of each vertex v; before the convolution can be
represented as fin(v;). After applying the ST-GCN
convolution, the output feature map fout(v;) is ob-
tained using:

JouaVi)="Y, Y, 5] fm w(B(i) (1)

BEB(i) v;<B(i)

here B(i) denotes the neighborhood of v;, deter-
mined by both human body connections and a pre-
defined partition rule. The function w(B(i)) repre-
sents the weights assigned to each neighborhood, and
|B| is the normalization factor for the neighborhood
size.

4.1.2 Spatial Transformer

To adjust the unique structure of dyadic (child-
therapist) interactions by introducing a spatial trans-
former that generates spatial embeddings, we in-
corporated both the joint’s position and its corre-
spondence across interacting individuals. The spa-
tial transformer combines three main components to
form a spatial feature vector: (1) patch embedding,
(2) spatial positional embedding, and (3) joint index
embedding shared between matching joints in child-
therapist pairs.
The final spatial embedding S is computed by:

S =ST(P+ Epos + E joint) 2

where P represents the patch embedding, E, is the
spatial positional embedding that maintains the joint
order, and Ejy;y is the joint index embedding, en-
abling the transformer to attend to the corresponding
joints across the child and the therapist in synchrony
assessments.

4.2 Temporal Transformer

The Temporal Transformer captures the temporal re-
lationships across frames, enhancing the model’s abil-
ity to assess movement synchrony. It applies attention
to the sequential frames and includes a temporal sim-
ilarity matrix (TSM), which captures periodic move-
ments inherent in autism intervention sessions. The
temporal embedding includes: (1) Patch embedding
P, which is the output from the spatial transformer
(2) temporal positional embedding E 0s» Which pre-
serves the temporal order of the frames, (3) and frame
uncertainty embedding E,cerrainity, Tepresenting the

confidence score for the frame, calculated from joint
confidence scores. The frame uncertainty embedding
Eyncertainity Tor a specific frame ¢ is computed by:

. 1 2 25. 2 25
Euncertainity :Llnear(chcl €1 ’CZ?CZ 52 ) (3)

where each ¢’ represents the confidence score of a
joint. To account for the periodic nature of therapeu-
tic interventions, a temporal self-similarity matrix S
(Dwibedi et al., 2020) is integrated into the computa-
tion of temporal attention. S is represented as a square
matrix M2 , where M denotes the number of frames is
sequence. Each element M[i][] represents the resem-
blance between the pose X| from the first individual

at timestamp i and the pose ij from the second indi-
vidual at timestamp j.

Rather than calculating similarity directly from
coordinates ((x;,y;)), the computation is based on cor-
responding d-dimensional feature vectors f‘f,l and féz’
produced by the ST-GCN. The similarity function is
formulated by calculating the Euclidean distance be-
tween these feature vectors. subsequently, a softmax
operation is applied along the time axis. The tempo-
ral similarity matrix M defined between correspond-
ing feature vectors of child and therapist frames:

_ d , 2
M[i,j]=7 ZHf“m]— Jm}H 4)
m=1

here, M is processed through a convolutional layer to
produce a feature map M, which is subsequently in-
cluded in the computation of temporal attention.

43 13D

A common approach to understanding human activi-
ties in videos is to utilize 3D convolutional neural net-
works, which apply the convolutional operation over
the spatiotemporal sequence of frames. These frames
represent the motion information between consecu-
tive video frames. In our approach to processing op-
tical flow data, our model is based on the optical flow
stream of the Inflated 3D ConvNet (I3D) (Carreira
and Zisserman, 2017). Additionally, we will employ
the model previously trained on the Kinetics dataset
(Kay et al., 2017). The model employs 3D convo-
lutions to process the optical flow data in temporal
and spatial dimensions, enabling it to capture motion
patterns over time. Solving the optical flow equation
across a window centered on the point effectively cap-
tures the interacting individuals’ motion in image se-
quences. The optical flow stream delivers explicit mo-
tion information of the interacting individuals, assist-
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ing the model in comprehending the movement of the
therapist and child across frames.

44 MLP

The classification head consists of a Multi-Layer Per-
ceptron (MLP). Given that the autism spectrum has
been structured as a three-class (low, medium, high)
classification problem. The proposed model will be
trained using cross-entropy loss, calculated between
the model prediction score and the corresponding
ADOS-2 score of the sample. The final result would
be a probability score that corresponds to the severity
level of autism.

S DISCUSSION AND FUTURE
WORK

To validate the model, the provided ADOS-2 scores
will be utilized. The final probability score pro-
vided by the model will be compared to these ref-
erence scores to determine its performance. Future
work could enhance the model by incorporating addi-
tional modalities like 3D Body mesh, further improv-
ing diagnostic accuracy and expanding its usability in
diverse settings. Moreover, a dataset with a larger
number of samples and different activity classes be-
yond those currently available in the MMASD dataset
would greatly enhance the model’s robustness and
adaptability across a range of real-world scenarios.

6 CONCLUSIONS

Gathering sSMRI and fMRI data poses major hurdles,
including high operating expenses and the discomfort
experienced by individuals with ASD within the scan-
ner. This discomfort often introduces intrinsic noise
into the data, making it difficult to fully eliminate,
even with extensive pre-processing efforts. Hence, in
our study we propose a multi-modal framework that
combines other modalities like skeletal and optical
flow data for ASD diagnosis, to analyze the move-
ment synchronization between children and thera-
pists. By using the spatio-temporal Graph Convolu-
tion Neural Network (ST-GCN) and spatial-temporal
graph transformers, this model effectively captures
spatial and temporal dynamics essential for ASD in-
tervention assessment. More specifically, the Spatial-
Temporal Graph Convolutional Neural Network (ST-
GCN) leverages the body’s intrinsic connections to
better depict joint topology. Further, the model’s in-
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tegration of a temporal similarity matrix improves its
robustness in various therapeutic activities. Addition-
ally, optical flow data is utilized to effectively cap-
ture motion patterns between the child with ASD and
the therapist over time. This supplementary informa-
tion enables the model to more accurately interpret
the movements of both the therapist and child across
frames. Ultimately, the model outputs an autism
severity score, providing valuable insights for thera-
pists to take further action. Although the MMASD
dataset includes different modalities, such as 2D and
3D skeletal data and optical flow information, the
number of data samples is relatively small, which may
limit the model’s adaptability in various real-world
circumstances.
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